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METHOD AND APPARATUS FOR 
HIGH FLY WRITE DETECTION IN A DISK DRIVE 


CROSS-REFERENCE TO RELATED APPLICATION 


Priority is claimed from U.S. Provisional Patent Application Serial No. 60/239,509 
filed October 1 1, 2000, which is incorporated by reference herein in its entirety. 


The present invention relates to computer disk drives. More particularly, the present 
invention relates to a method and apparatus for detecting high fly write conditions in a 
computer disk drive. 


Computer disk drives store information on magnetic disks. Typically, the 
information is stored on each disk in concentric tracks, divided into sectors. Information is 
written to and read from a disk by a head (or transducer), which is mounted on an actuator 
arm capable of moving the head radially over the disk. Accordingly, the movement of the 
actuator arm allows the head to access different tracks. The disk is rotated by a spindle 
motor at a high speed, allowing the head to access different sectors on the disk. The head 
may include separate or integrated read and write elements. 

In a typical computer disk drive, the head generally rides above the surface of the disk 
on a cushion of air that is created by the movement of the disk under the head. The distance 
of the head from the surface of the magnetic disk is known as the flying height of the head. 


FIELD OF THE INVENTION 


BACKGROUND OF THE INVENTION 


It is important to maintain the flying height of the head within a desired range. For example, 
if the head flies at too low a height, it is more likely to come into contact with the magnetic 
disk causing a loss of stored data. It is also important to ensure that the head does not fly at 
too great a height. When the head is consistently at too great a distance from the magnetic 
5 disk, the head is said to be in a "high flying" condition. A "high fly write condition" occurs 

when the head is suddenly at too great a height from the disk to reliably perform write 
operations. 

There are many reasons why a high flying condition may occur. For example, the 
head may strike a particle on the disk surface causing a temporary change in the flying height 
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yi 10 of the head. As another example, a particle may become attached to the head which causes 
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s 4 the aerodynamic characteristics of the head (more properly, its slider) to change such that the 

m 

flying height increases. 
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* * Data written to a magnetic storage disk for storage while a head is experiencing a 
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p high fly write condition may be lost. This is because the strength of the magnetic field 
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1 5 generated by the write element decreases exponentially with distance. Accordingly, where 
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M the head is at too great a distance from the surface of the magnetic disk (e.g., during a high 

fly write event), the magnetic field produced may not be strong enough to induce the desired 
magnetic transitions in the storage disk. Therefore, it is important to detect a high fly write 
event in a computer disk drive, so that data written during a high fly write condition may be 
20 rewritten when the flying height has returned to normal or so that some other remedial action 
may be taken. 
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In prior disk drive systems, in order to verify that data was properly written to a disk 
surface (e.g., to ensure that data was not written during a high fly write condition), a 
relatively inefficient process was used. That is, data to be stored onto the disk surface would 
be provided to the write element and the write element would write the data onto the disk 
5 surface in the form of magnetic polarity transitions. After the write operation was completed, 

the disk would make a complete revolution and the informationmiS^onto the disk surface 
would be read. The data recovered from the disk surface was then compared with the 
original data to be stored onto the disk surface to verify that it matched. 

While the aforementioned method provided an accurate way of detecting situations 
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yi 10 where data was not properly written onto the disk surface, it was very slow. In fact, such a 

Nl method is not acceptable for modern disk drive performance requirements. 
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Accordingly, it would be advantageous to provide an accurate method and apparatus 
for detecting high fly write conditions in a relatively efficient manner. Furthermore, it would 
H be advantageous to provide such a method and apparatus that can be implemented at an 


^ 1 5 acceptable cost and that is reliable in operation. 
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SUMMARY OF THE INVENTION 
The present invention is designed to minimize the aforementioned problems and meet 
the aforementioned, and other, needs. 
20 Amplitudes of automatic gain control (AGC) fields are used in connection with 

determining whether a high fly write condition exists in a disk drive. More specifically, the 
amplitude of an AGC field read by a head is generally related to the flying height of the head. 



In one embodiment, a calibration process is performed to obtain average amplitudes 
of AGC fields on a zone-by-zone basis for a head associated with a disk surface. These 
average amplitudes of AGC fields are then stored onto the disk surface for later use. 

After the disk drive has been turned on, the average amplitudes of the AGC fields are 
5 read from the disk surface and are stored in memory. When a write operation is to be 
performed, the head measures the amplitude of the AGC field associated with a data sector 
onto which a block of data is to be stored. The measured amplitude of the AGC field is 
compared to the average amplitude of the AGC fields for the zone associated with the AGC 
field being read. If the difference between the measured amplitude of the AGC field and the 
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J3 1 0 average amplitude for the AGC fields for the zone is outside of a certain tolerance, a high fly 

M write condition may exist. Accordingly, data written during a high fly write condition may 
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* j be rewritten when the flying height has returned to normal or some other remedial action may 
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~* be taken. 

p In one embodiment, upon detection of a high fly write condition, another attempt is 

M> 15 made to write data onto the disk surface. In such case, the disk makes one complete 

^ revolution and a measurement is again taken of the amplitude of the AGC field to see if the 

difference between it and the average amplitude of the AGC fields for the zone is within the 

certain tolerance. 

In one embodiment, upon detection of a high fly write condition, a burnishing process 
20 is performed. The burnishing process may include moving the head back and forth between 
an inner diameter and outer diameter of the disk surface while the head contacts the disk 
surface due to a slowing of the spindle motor. 
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In one embodiment, a running average of amplitudes of a predetermined number of 
AGC fields may be maintained on a zone-by-zone basis. In such case, a comparison is made 
between the measured AGC field associated with the data sector onto which a block of data 
is being written and the running average for the zone associated with the data sector. If the 
5 difference between the measured AGC field and the running average is outside a certain 
tolerance, a high fly write condition may exist. 

Other objects, features, embodiments and advantages of the invention will be 
apparent from the following specification taken in conjunction with the following drawings. 
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yi 10 BRIEF DESCRIPTION OF THE DRAWINGS 
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s 4 Figure 1 is a diagrammatic representation of a disk drive in which the present 

5 J invention may be implemented; 
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Figure 2 is a diagrammatic representation illustrating a disk surface which has been 

U 

q formatted to be used in conjunction with a sectored servo system and which is used in 

s 

M> 15 connection with an embodiment of the present invention; 
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^ Figure 3 is a diagrammatic representation of a sectional view of a disk and an 

associated head illustrating the flying height of the head above the disk surface; 

Figure 4 is a diagrammatic representation of a portion of information on a disk 
surface used in connection with an embodiment of the present invention; 
20 Figure 5 is a simplified flow diagram illustrating one manner of performing a 

calibration technique used in an embodiment of the present invention; and, 
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Figure 6 is a simplified flow diagram illustrating one manner of performing a high 
fly write detection and recovery technique used in an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
While this invention is susceptible of embodiments in many different forms, there are 
shown in the drawings and will herein be described in detail, preferred embodiments of the 
invention with the understanding that the present disclosure is to be considered as an 
exemplification of the principles of the invention and is not intended to limit the broad 
aspects of the invention to the embodiments illustrated. 

A disk drive 1 0 with which the present invention may be used is illustrated in Figure 
1. The disk drive comprises a disk 12 that is rotated by a spin motor 14. The spin motor 14 
is mounted to a base plate 1 6. 

The disk drive 10 also includes an actuator arm assembly 18 having a head 20 (or 
transducer) mounted to a flexure arm 22, which is attached to an actuator arm 24 that can 
rotate about a bearing assembly 26 that is attached to the base plate 1 6. The actuator arm 24 
cooperates with a voice coil motor 28 in order to move the head 20 relative to the disk 12. 
The spin motor 14, voice coil motor 28 and head 20 are coupled to a number of electronic 
circuits 30 mounted to a printed circuit board 32. The electronic circuits 30 typically include 
a read channel chip, a microprocessor-based controller and a random access memory (RAM) 
device. 


It should be understood that the disk drive 1 0 may include a plurality of disks 1 2 and, 
therefore, a plurality of corresponding actuator arm assemblies 18. It should also be 
understood that the principles described herein are equally applicable to such disk drives. 

Figure 2 is a diagrammatic representation of a simplified top view of a disk 12 
5 having a surface 42 which has been formatted to be used in conjunction with a sectored servo 

system (also known as an embedded servo system). As illustrated in Figure 2, the disk 12 
includes a plurality of concentric tracks 44a-44h for storing data on the disk's surface 42. 
Although Figure 2 only shows a relatively small number of tracks (i.e., 8) for ease of 
illustration, it should be appreciated that typically many thousands of tracks are included on 
y3 10 the surface 42 of a disk 12. 

s 4 Each track 44a-44h is divided into a plurality of data sectors 46 and a plurality of 
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^ servo sectors 48. The servo sectors 48 in each track are radially aligned with servo sectors 

48 in the other tracks, thereby forming servo wedges 50 which extend radially across the disk 
p 12 (e.g., from the disk's inner diameter 52 to its outer diameter 54). 

H 1 5 As shown in Figure 2, a plurality of zones 56a-56d may be formed from groupings 
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of tracks. While the figure shows zones comprised of an equal number of tracks, it should 
be understood that each zone does not have to include the same number of tracks. 
Furthermore, the disk surface 42 may be divided into many more or less zones than the 
number of zones illustrated in the figure. Even further, for purposes of the present invention, 
20 a zone may include a single track instead of a grouping of tracks. 

With reference now to Figure 3, a diagrammatic representation of a sectional view 
of a disk 12 and a head 20 is illustrated. As shown in Figure 3, during operation, the head 
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20 (which, as illustrated, includes a slider) is raised above the disk surface 42 by a spacing 
1 00 known as the flying height of the head 20. The spacing 1 00 is created by the interaction 
between air currents above the surface of the disk 12 caused by rotation of the disk 12 and 
the aerodynamic qualities of the slider of the head 20. 
5 Figure 4 is a diagrammatic representation of informational content of a portion of 

a disk surface 42. As illustrated in Figure 4, the disk surface 42 includes data sectors 46a 
and 46b separated by a servo sector 48a containing positioning information. 

Servo sector 48a includes a plurality of automatic gain control (AGC) fields 200, 
along with A, B, C and D servo bursts 202, 204, 206 and 208. As is well-understood by 

1 0 those skilled in the art, servo sector 48a also generally includes a synch burst and gray code, 

both of which are not shown in the figure. 

AGC fields 200 extend radially across the disk surface 42 from an inner diameter 52 
to an outer diameter 54. Generally, each AGC field 200 contains a signal of calibrated 
strength or amplitude. As the head 20 passes over the AGC field 200, the amplitude of AGC 

1 5 signal read by the head is monitored. This amplitude is used to adjust the gain imparted to 

other signals read by the head 20 (e.g., A, B, C and D bursts 202, 204, 206 and 208, 
respectively). 

The inventors of the present invention have observed that the amplitude of the AGC 
field is generally based upon the flying height of the head 20. Accordingly, the inventors 
20 have used such information in determining whether a high fly write condition exists. 

In an embodiment of the present invention, there are two main processes for 
determining whether a high fly write condition exists. First, a calibration process is 


performed as shown in the flowchart depicted in Figure 5. Specifically, after servo sectors 
48 have been written onto the disk surface 42 (step 500), the head 20 is used to measure the 
amplitude of AGC fields 200 associated with different zones 56a-56d on the disk surface. 
Accordingly, a counter N is initialized with a value of 1 (step 5 1 0) and the amplitudes of the 
AGC fields 200 in zone N are measured (step 520). Next, the amplitudes of the AGC fields 
200 for zone N are averaged and stored in memory (step 530). Then, a determination is made 
as to whether amplitudes of AGC fields 200 for any additional zones need to be measured 
(step 540). 

If there are additional zones, the counter N is incremented (step 550) and steps 520, 
530 and 540 are repeated. If there are no more zones, the average amplitudes of the AGC 
fields for each zone are stored on the disk surface 42 (step 560), preferably, in a utility sector 
210 (see Figure 2). As will be more fully understood from the explanation below, these 
average values are used to determine whether a high fly write condition exists. 

Preferably, the process shown in Figure 5 is performed during the self-test procedure. 
However, the process may be performed any time after servo sectors 48 have been written 
onto the disk surface 42, as indicated in step 500. 

It should be understood that the amplitudes all of the AGC fields in a zone do not 
need to be averaged. Instead, amplitudes of a representative sample of AGC fields in a zone 
may be averaged to expedite the calibration process. 

It should also be understood that average amplitudes of AGC fields are taken on a 
zone-by-zone basis in order to accommodate for changes in bit density across the disk 
surface 42. That is, the amplitude of an AGC field at the inner diameter 52 of the disk 



surface 42 may be different than the amplitude of an AGC field at the outer diameter 54 of 
the disk surface 42 due to differences in bit density. 

Furthermore, if a disk drive includes multiple disk surfaces 42, the calibration process 
shown in Figure 5 should be performed for each disk surface 42 on a zone-by-zone basis. 
5 Furthermore, if more than one head 20 is used for a disk surface 42, the calibration process 
should also be performed for each head 20. 

Figure 6 is a flow chart of the operation of the second main process of determining 
whether a high fly write condition exists for an embodiment of the present invention. 
Specifically, after the disk drive is turned on, the head 20 reads the average amplitudes of the 
10 AGC fields for all zones which were stored on the disk surface 42 in step 560 of Figure 5 

and the average amplitudes are then stored in memory (step 600). 

At some point, a write command is received (step 610), which indicates a block of 
data in a data buffer (not shown) is to be written onto the disk surface 42. As is well- 
understood by those skilled in the art, prior to writing data onto the disk surface 42, one or 
15 more servo sectors 48 must be read by the head 20. 

Specifically, head 20 reads the servo sector 48 immediately preceding the data sector 
46 in which the block of data is to be stored. As part of reading the servo sector 48, the 
amplitude of the servo sector's AGC field 200 is measured (step 620). Furthermore, the 
measured amplitude of the AGC field 200 is compared to the average amplitude of the AGC 
20 fields 200 (now stored in memory) for the zone associated with the servo sector 48 (also in 
step 620). While (or slightly after) the comparison is being made, the block of data is then 
written onto the disk surface 42 (step 630). 
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If the difference between the measured amplitude of the AGC field and the average 
amplitude of the AGC fields for the zone is within a certain tolerance, a high fly write 
condition is presumed not to exist (step 640). Steps 610, 620 and 630 are repeated when the 
next block of data is to be written. It should be noted that the tolerance may be determined 
experimentally, by modelling or through use of the Wallace equation. 

If the difference between the measured amplitude of the AGC field and the average 
amplitude of the AGC fields for the zone is outside of a certain tolerance, a high fly write 
condition may exist (step 640). Accordingly, a verification process is performed, whereby 
the written data is read from the disk surface 42 to make sure it was properly written (step 
650). As will be appreciated by those skilled in the art, the verification process will require 
the disk to spin at least one revolution after the data has been written. 

If no read errors exist, the data is presumed to have been written properly and the 
process returns to step 610 (step 660). However, if a read error exists, then a determination 
is made as to whether a high fly write flag has been set (step 670). 

If the high fly write flag has not been set, a burnishing process is performed in an 
effort to dislodge any particles from the head 20 or to knock off any particles that may be on 
the disk surface 42 (step 680). Among other things, the burnishing process may include 
moving the head 20 back and forth between the inner diameter 52 and the outer diameter 54 
while the head 20 contacts the disk surface 42 due to a slowing of the spindle motor 14. In 
addition, the high fly write flag is set (step 690). 

After the burnishing process has been performed and the high fly write flag has been 
set, steps 620, 630 and 640 are repeated. If a high fly write condition continues to persist 
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(i.e., the difference between the measured amplitude of the AGC field and the average 
amplitude of the AGC fields for the zone is outside of a certain tolerance (step 640); and, 
after the verification process is performed (step 650), read errors continue (step 660)) and the 
high fly write flag has been set (step 670), then the block of data is pushed off (step 700). 
5 That is, the block of data is attempted to be written to either a different sector on the disk 

surface 42 or on an altogether different disk surface 42 using a different head 20. 

Although not initially mentioned above, it should be noted that the high fly write flag 
may be cleared in step 610. Thus, for the embodiment shown in Figure 6, a block of data 
would not be pushed off until the burnishing process was attempted at least once. 
4} 1 0 It should be understood, however, that some of the steps in the flowchart of Figure 

N 6 may be eliminated or performed in a different order. Furthermore, instead of performing 

jjJ the verification process (step 650 and step 660) only once, the verification process may be 

yl 

J* repeated a predetermined number of times (e.g., five times). If no read errors are found 

□ during any one of the predetermined number of verifications, the process returns to step 610. 

M 1 5 In one embodiment, instead of (or in addition to) performing the verification process, 
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^ if the difference between the measured amplitude of the AGC field and the average 

amplitude of the AGC fields for the zone was outside of a certain tolerance, another attempt 
would be made to write the information onto the disk surface 42. That is, the disk would 
make one complete revolution and a measurement would again be taken of the amplitude of 
20 the AGC field to see if the difference between it and the average amplitude of the AGC fields 
for the zone was within a certain tolerance. This process could be performed a number of 
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times in hopes of, for example, dislodging a particle stuck to the head or moving a particle 
located on the disk surface which has been causing the high fly write condition. 

Because AGC fields 300 extend radially across the disk, they are written in a 
piecemeal fashion and are "stitched" together. Ideally, portions of the AGC fields 300 being 
stitched together are in-phase with one another (i.e., perfectly radially coherent). However, 
in some instances, portions of the AGC fields 300 being stitched together may be out-of- 
phase with one another. In a worst case situation, when portions of AGC fields 300 that are 
being stitched together are 1 80 degrees out-of-phase with one another and the center of the 
head 20 passes over the intersection of such portions of the AGC fields, a cancelling occurs, 
such that the strength of the AGC field is reduced. Thus, it may appear as though a high fly 
write condition exists. Furthermore, if one AGC field on a track exhibits a reduced 
amplitude due to radial incoherence, often other AGC fields on the same track may also 
exhibit a reduced amplitude. (This is termed a local media defect.) 

In order to account for AGC fields which are not written in a radially coherent 
manner, an embodiment of the present invention makes use of a running average of 
amplitudes of AGC fields. Specifically, the average amplitudes of the AGC fields 200 for 
each zone are used as initial values. However, as the head 20 reads amplitudes of AGC 
fields in a particular zone, a running average is maintained. 

In one embodiment, the running average may be made of X samples, where X is a 
predetermined number. For example, if X=4, the running average would include the 
averages of the last 4 amplitudes of AGC fields read by the head 20 (i.e., the 4 most current 
amplitudes). Thus, in step 620 of Figure 6, the measured amplitude of the next AGC field 
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would be compared to the running average. Preferably, the running average would be kept 
in memory. 

While reference has been made to an average value of AGC fields (e.g., whether it 
be a running average or an average by zone) with which a comparison is made, it should be 
understood that, instead, a comparison may be made with a threshold value, among other 
things. For example, a threshold value may be calculated using the average value of AGC 
fields in a zone and subtracting an experimentally determined tolerance value. Other 
variations will readily come to mind to those skilled in the art. 

While an effort has been made to describe some alternatives to the preferred 
embodiment, other alternatives will readily come to mind to those skilled in the art. 
Therefore, it should be understood that the invention may be embodied in other specific 
forms without departing from the spirit or central characteristics thereof. The present 
examples and embodiments, therefore, are to be considered in all respects as illustrative and 
not restrictive, and the invention is not intended to be limited to the details given herein. 
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